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- I  .- - - _ _  - - . _- 
Abstract: Ef fec ts  of multipoles i n  the  dedicated RHIC d ipoles  have been s tudied 
hy t racking  p a r t i c l e s  through a la t t ice  cons is t ing  of 81 RHIC cells. The dynamic 
aper ture  with no magnetic multipoles i s  g rea t e r  than 59 mm a tAP/P=O.  Inclusion 
of magnet multipoles reduces t h e  dynamic aperture  t o  ~ 2 9  mm. When a 30 mm aper ture  
t es t  i s  used, t h e  beam s i z e  i n  the  dipoles  i s  l imi ted  to-27 mm. 

A l a t t i ce  cons is t ing  of 81 RHTC c e l l s ( . 2 ~ r b e n d )  has been used t o  evaluate  

t h e  e f f e c t s  of systematic multipoles i n  t h e  ”dedicated” RHIC dipoles .  A ha l f  c e l l  

i s  14.89 m long and contains one 10.7 m dipole  centered between the.quadrupoles;  

t h e  

element (SF and MF o r  SD and MD) are located a t  t h e  center  of each quadrupole, 

while dipoles  have a multipole element MB a t teach  end: Fig. 1. 

length of which are 1.9 m: A chromaticity cor rec t ing  sextupole and a multipole 

QF/2 B 

MB.. 

. .  

M B  MD SD’ MB MB MF SF 

Fig. 1 RHIC C e l l  . 
c 

In  t h i s  study the re  w e r e  no multipole f i e l d s  associated with t h e  quadrupoles. 

The dipole  multipole coe f f i c i en t s  b: w e r e  obtained from P a t  Thompson1 and are 

l i s t e d  i n  Table I. They are i d e a l  coe f f i c i en t s  based on i n f i n i t e  permeabili ty i ron.  

and do not  include construct ion e r r o r s .  The c0ef f ic ien ts .b ;  represent  the  f i e l d  

t i t  2.50 c m  and a r e  r e l a t ed  t o  the  t r a d i t i o n a l  coe f f i c i en t s  bn by t h e  r e l a t ion :  

bn = b;/(2*.5)” . 
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b- .(cm’n 1 
11 f 

-3.203-07 

-2.563-08 

0.00 

2.623-09 

’ 8.393-10 

-3.523-10 

-2.263-10 

. 6.443-12 

1.793-12 

bn 

-3.20E-03 

-2.563+00 

0.00 

2.623+07 

8.39Ef10 

-3.52E+14 

-2.263+18 

6.443+20 

1.793+24 

Table I. Systematic multipole coe f f i c i en t s  f o r  the  RHIC dedicated dipoles .  

Tracking runs, with and without mult ipoles ,  were.made using aperture  tests 

of 1000 mm .(dynamic aper ture)  and 30 mm (physical ape r tu re ) .  The tests w e r e  made 

a t  every sextupole and multipole element- a t  t h e  cen te r  of t h e  quadrupoles and 

a t  both ends of t h e  d ipoles .  
21 

The emittances i n  t h e  x and y d i r ec t ions  w e r e  set  equal and.were Ex =Gy = NG, 
wi th ’  E, = 0;005’,and with N being t h e  particle amplitude i n ,  PATRICIA u n i t s .  For 
N = l ,  Ex = EY = € 0  corresponds t o  a d is tance  A r  =(Ax2 +by2 ) VZ- - ( E  ,, ( px + g y ) )  v 2 ; 
A r  is  q r e a t e s t i a t  t h e  quadrupole centers  where 

pG =!; = 7.35 m. A t  these  pos i t i ons  Ar = 0.545 mm, S imi la r ly ,  a t  t h e  ends of t h e  

amplitude N corresponds t o  a r a d i a l  change of the  particle’s amplitude of 0.545 mm 

a t  a quadrupole and 0.513 mm a t  e i t h e r  end of a dipole., 

=p; = 52.0 m and 

, dipoles  (px+ 8 y)-  52.7 m and A r  = 6.513 m. Each u n i t  change of t h e  PATRICIA 

Throughout t h e  following *s tudies  t h e  chromaticity w a s  set to .zero  i n  both 

t h e  x and y planes.  The r e s u l t a n t  dependence of tune upon momentum i s  shown i n  

Fig.. 2 .  

The r e s u l t s  of runs made with the,’1000 mm aper ture  tes t  and no mult ipoles  

are l i s t e d  i n  T a b l e  11. (In Tables I1 t o  V I 1  t h e  .quant i ty  N(TURNS) denotes t h e  

PATRICIA amplitude N and t h e  number of tu rns  (TURPiS) t h e  p a r t i c l e  survived a t  

t h a t  amplitude. I n  addi t ion ,  t w o g e n t r i e s  appear i n  t he  column A(mm). . .  The e n t r i e s  

under Q and B denote t h e  beam s i z e  a t  t h e  cen te r  of t h e  quadrupoles and a t  the  

ends of t h e  d ipo le s ,  respectively.)  Particle t r a j e c t o r i e s  w e r e  s t a b l e  well beyond 

the  magnet-aperture of 30 mm, so it w a s  not,deemed necessary t o  determine the  

ac tua l .  dynamic ‘aperture.  
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N (TURNS) 

> 80 (100) 1 1  

7115(100) * 

Fig 

A (nun) 
Q B 

?41.0 >43.6 

>62.6 >59.0 

0,133 

. ,  

0.2 

1 0.0 j ' -0.2 

Fig. 2 Tune vs momentum (no multipoles) 

Table-11. Dynamic aperture - no multipoles. 

When the magnet multipoles listed in Table I were included, the dynamic 

aperture was reduced. Even though a particle,passed the 1000 mm aperture test 

at one multipole element, failure 

ist the next multipole element only a few meters away. The results of this study 

appear in Table 111. 

was associated with amplitudes of lo4 to mm 

* .  
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D / P  (%) N (TURNS) 

0.2 52 (100) ,54 (4) 

0.0 56 (100).,58 (6) 

-0.2 52 (100) ,54 (69) 

Table 111: Dynamic aperture  with . a l l  mult ipoles .  

A (m) 
Q B 

26.7 L A L 27.7 

28.7 L A L 29.7 

26.7 L A L 2 7 . 7  - 

28.3 - L , A  L 29:4 - 
- 30.5 L A L  31.6 

28:3 L A L 29.4 
- 
- 

An e f f o r t  was made t o  iden t i fy  which,. , if  any, multipole played a dominant 

r o 1 e . h  t h e  aperture  l imi t a t ion .%A s e r i e s  of runs was$made f o r  which one multipole 

c o e f f i c i e n t  was s e t  t o . z e r o .  The column headed.'!without" i nd ica t e s  which mul t ipo le .  

was removed. There seems t o  be l i t t l e  ind ica t ion  0 f . a  "most important" multipole 

term. These , r e su l t s  are l is ted i n  Table I V .  

27.7. L A  L28 .7  

28.7 L A  L29 .7  

28.7 L A  L29.7  

29.4 L ~ A ' L  - 30.5.  - 

- 30.5 L A  L 31.6 

30.5 L A L31 .6  

- 

- - 
30.5 - LA L 31.6 28.7 - L A L 2 9 . 7 '  

c 

27.7 LLAL28.7 . 

28;7 L A  L 29.7 

- 29.4 t A L 30.5 

30.5 L A  L 3 1 . 6 '  

- 
- - 

29.4 L A  L 30.5'  - I 27;7 L A  L 2 8 . 7  - 

29.4 - L . A  L 30.5 27.7 L A  - L28 .7  I 
Table I V .  Dependence of.dynamic aperture  upon one missing multipole.  

Next, runs were made when half  t h e  multipole c o e f f i c i e n t s  w e r e  removed; 

thus b2 t o  bI0 o r  b12 toxb18 w e r e  set equal t o , z e r o .  These r e s u l t s  a r e  l i s t e d  i n  

Table V. It is  seen t h a t  removal of b2 t o  b10 has l i t t l e  e f f e c t  while removal 

of b12 t o  b18 increased the  dynamic aperture  bym.11 nun. 
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t I 

B 

27.7 A L 28.7 -;-- ' I  76'(100) ,78 (54) 41.4 - L A L 42.5 39.0 L - A L 40.0 

-_l____-l-..-l_- 

Without N (TURNS) 

29.4 L A  - L 30.5 - b2 -b10 54 (100) ,56 ( 4)  

t 

Further  runs w e r e  made for  which ( b l i  and bl8) I (bl4 and b18) , and (b16 and b18) 

were removed as w e l l  as for  which (b12 and.b14) and (b14 and b16) w e r e  removed. 

These resul ts  are) summarized i n  Table V I .  With t h e  exception of t h e  combination 

(bl4 and b18) which increased t h e  aperture by rv4 m, no o the r  combination 

produced much of an effect. 

Without 

t i b12 Ib14 
1 1 b14 Ib16 

A (mm) 
Q R 

28.7 L A  L 29.7 

32.8 L A L  33.8 

- 30.5 L A L 31.6 

34.9 L A L 3 6 . 0  

- 

- - 
26.7 L A  L 27.7 28.3 L - A .L 29.4 - 

26.7 A L 27.7 

27.7 L A L 2 8 . 7  

- 28.3 L A L 29.4 - 

29.4 - L ' A  30.5 - 

Table V I .  Dependence of dynamic aper ture  a tAP/P = 0 upon removal of 
0 pairs of multipoles.  

F ina l ly ,  runs were.made using a 30 mm a p e r t u r e , t e s t  i n  both t h e  quadrupoles 

and dipoles .  The r e s u l t s  for  f o u r s d i f f e r e n t  condi t ions:  1). No mult ipoles ,  

2 ) .  All mult ipoles ,  3 ) .  b2 t o  b l o ,  and 4 ) .  b12 t o  b18 are l i s t e d  i n  Table V I I .  



No, Multipoles 

AllLMultipoles 

Summary 

The dynamic aper ture  without magnet mult ipoles  wasn't  f u l l y  determined but  
I 

w a s  found , t o  be l a r g e r  than 59 mm i n  t h e  dipoles  a t  AP/P = 0.0. When a l l  systematic 

mult ipoles  w e r e  included,. t h e  dynamic aperture  i n  t h e  d ipoles  w a s  reduced t o  

28.7 L A  - <  1 2 9 . 7  nun. Removal of ind iv idua l  mult ipoles  had l i t t l e  e f f e c t  o n . t h e  

dynamic aper ture ;  removal of b12 t o  .big increased t h e  dynamic aperture  by ~ 1 1  mm, 

i nd ica t ing  t h a t  the  higher  o r d e r , f i e l d s  play a s i g n i f i c a n t  r o l e  i n  determining 

t h e  aperture.. Removal of b14 & b18 ,only; " increased t h e  aper ture  b y d 4  mm. 

. 

c . . .  Fina l ly ,  t h e  physical  aper ture ,  determined by a 30 mm test i n  t h e  dipoles  

and quadrupoles, w a s  26.7 L - A L 2 7 . 7  i n  t h e  d ipoles  both with and without multipoles.  

This aper ture  i s  determined by beam s i z e  i n  t h e  quadrupoles. Even so, t h e  correspond- 

i n g  beam s i z e  i n  the  dipoles  i s  within 1 t o  2 mm of t h e  d y n a d c  aperture  of t h e  

dipoles .  In  t h e  event t h a t  multipole c o e f f i c i e n t s  f o r  "real" :dipoies  are l a r g e r  

than those  i n  Table I ,  t h e  dynamic aper ture  ratherLthan t h e  physical ape r tu re '  

6; 

N (TURNS) 

--"--- 
52 (100) ,54 ( 1) 

52 (100) ,54 ( 1) 

52 (100) ,54 ( 1) 

52 (100) ,54 ( 1) 

;I .- 

26.7 L A L.27.7 - 28.3 L A  L 29:4 - 
28.3 1 A L 29.4' ~ 26.7 L - A L 1 2 7 . 7  - 

I 26..7 L A ,L 27.7 - 28.3 L A L  29.4 - 

28.3 L A L  29.4 - I 26.7 L A L  27.7 - 

Table VII.1 Physical ape r tu re .  (30 mm t e s t )  a t  dP/P* = 0. 

At . the .100  tu rn  l e v e l ,  t h e  physical  aper ture  i s  independent.of whether o r  no t  

mult ipoles  are included. However, t he  dynamic aperture  from Table I11 is  only 

2 mm l a r g e r  than the  physical,aperture,listed i n  Table VI1 t h a t  w a s  determined 

by beam s i z e  i n  the  quadrupoles. 

could be t h e  l i m i t i n g  aperture .  . '  . 
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